WHAT IS LEARNING?
Learning is a relatively permanent change in capacity for behaviour that results from experience or practice but is not due to transient states such as fatigue, maturation, drugs, injury or disease.2 These capacities for behaviour can be thought of in terms of amounts, and different types, of knowledge held (see Table 1 ).
Learning is not directly obsendde but its products -behaviours -are. Therefore, learning must be inferred from performance
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and changes in performance. 2 In learning, acquisition of knowledge refers to the initial learning of a skill to a satisfactory level. Satisfactory here refers to demonstration of differences in behaviour, which reflect the transition from a beginner trying to grasp what is required, to the individual who can perform the skill efficiently and effectively. Retention refers to whether what has been acquired is maintained in an automised, efficient way.j Learning is often quantified graphically. Learning curves of performance, over time, can usually be drawn to illustrate changes with practice. The law of practice says that improvements are rapid at first but slow down later in training. 4 
SKILL
Skill development is the goal of learning. It refers to a long lasting competence for a particular action and the possession Knowing that to use a scalpel, you grip it by the blunt end, press the sharp end down on the patient's sion and move it as much as needed to cut the appropnate amount of tissue before withdrawing
The Obstetrician & Gyrzaecologist April 2002 Vol. 4 No. 2 of flexible, procedural knowledge for that action, which is applicable in a range of contexts. Skill implies automisation, i.e. the actions can be performed efficiently and effectively without conscious thought. Skills differ from abilities. Abilities are innate capab es for skilled performance, whereas, skills depend on the presence of an underlying ability, they are learned capabilities that develop only through practice. Skill refers to expert performance at a particular task with maximum certainty and minimal use of energy or time. 5 Skills are commonly categorised as cognitive or motor. Cognitive skills are those involving proficiency with mental functions, such as decision making and problem solving. Motor skills are concerned with proficiency in physical perforinance and co-ordination of physical actions. Motor skills can he discrete (eg. puncturing the skin), continuous (e.g. suturing), o r serial, where a group of discrete skills is linked together to make up a more complicated skill (e.g. diathermy of tissue).6 Most skills, however, are not completely cognitive or motor but contain elements o f both. For example, the learning of motor skills usually involves some kind of cognitive component. This may be in deciding which action to take or in the initial processing of instnictions about what to do. Perceptual motor skills lie somewhere between the two, requiring co-ordination of cognitive and motor inforination.
Siirgical skills involve a range of both motor and cognitive skills. Cognitive components include knowledge of anatomy and equipment, identifying problem situations and decision making (e.g. approaches to particular cases). Motor components include applying this information in procedures with actual cases and particular manipulations of instruments, tissues and equipment.
THEORIES OF LEARNING
There has been a broad divide in the approaches to learning theories into those that result from conditioning and those that are learnt by thinking about the problem.'
Conditioning and unconscious reinforcement
Here. a trainee automatically learns an association (conditioning) between a stimulus in their environment and a response they have made, either by repetition or when it leads to a positive outcome (reinforcement). The association is strengthened every time this happens. For examplc, joining tissue in a particular way leads to a neater scar so a surgeon will automatically tend to d o it this way in future. What happens in the mind during conditioning is disrnisscd since we cannot objectively know or prove it. made. Correct predictions are stored and incorrect ones are questioned, both influence future behaviour. For example, a medical student who wants to become a surgeon hypothesises about what they should do: apply to be taught, predict chance they will qualify, follow the recommended training stages, practice skills, gain experience, qualify.
Nativism
Humans are thought to be predisposed to learning some things naturally, while by nature they are unable to learn other things. For example, some individuals will have a natural tendency to learn skills relevant to surgery; others will never have the capacity to do so.
Constructivism
A learner invents guideline rules and concepts based on their interpretations or views of their experience. They construct a database from which to draw meaning from experience.This construction changes as learning advances. For example, an experienced surgeon will be familiar with how to perform a routine procedure.Yet, different surgeons may achieve this same goal in different ways.
The learner is a novice ' ?
in a particular field. That field also has experts who clearly demonstrate good performance.The novice becomes more expert as differences between the expert and novice are eliminated through training and experience.
Novice-to-expert
s u~i c a l 
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MODELS OF THE LEARNER
The follow-ing models of learners exemplify {he key features of the most prominent perspectives and theories of how humans learn within the two approaches above (see Figure I ).*
The novice-to-expert model
The novice-to-expert model suggests that differences between those who can (experts) and those who cannot (novices), can be determined and used to make novices more like experts.l So what do experts have that novices do not? Research suggests that it is the contents and structure of knowledge that differentiates experts from novices9Jo Experts have a more declarative ('what'), conceptual ('relational') and procedural ('how') knowledge -for example, greater first-hand anatomical and procedural knowledge. More experience with instruments means their use becomes more natural and fewer errors are made. Experts have a wider, more in-depth knowledge structure and are, therefore, able to combine their knowledge in different ways enabling them to apply it to a wider variety of situations. For example, increasing case study experience allows individuals to extract important features from a patient's history niore quickly and facilitates faster and more appropriate decisions to be made regarding what action should be taken. Experts also have the ability t o use much o f the relevant information stored in their memory without conscious thought. Reducing the burden on conscious thought means that more mental energy is available, so that fewer errors are made, and attention can be directed to new experiences and information.
In contrast to experts, novices rely mainly on declarative knowledge derived from textbooks and skills kaboratories, in addition to a limited observational knowledge o f anatomy and functioning. Less procedural knowledge means they will need guidance through procedures and may also have difficulty using instruments to manipulate live tissue. Novices have less established links between Merent parts of their knowledge. They have limited experience of similar cases and, therefore, less experience in highlighting the most important features in a patient's history. This limited experience also means they will be less llkely to use their initiative to select alternatives to the standard textbook approach, although the alternatives may be better. Novices rely more on their conscious memory than experts. The burden of attempting to concentrate on all potentially relevant mformation, in a given situation, is more likely to result in errors being made.
The progress from novice to expert is about gaining knowledge and establishing links within it as well as gradually erasing errors -firstly the major, then the minor, before finally developing automacy.
THE ADULT LEARNER
General learning theories apply to both children and adults. However, for the adult learner, e.g. the surgeon, there are additional considerations.
Adult learning is enhanced by:
an approach that puts the focus on the learner not the teacher.
@ focusing on specific problems or tasks which are more motivating than abstract, subject-based learning.
grecognising the past experiences of the learner and encouraging articulation of current and future goals and objectives.
goal, i.e. the level of competence, to be achieved.
@providing a solid list of objectives which identify the Q ongoing, positive and constructive feedback.
encouraging learners to monitor their own performance and learning strategies.
In addition, adult learning is compromised by time constraints, the fact that the way the procedure is currently performed is adequate (therefore why change?) and, the availability of courses and resources.
ASPECTS OF COURSE DESIGN
When designing a training course for adults the following educational perspectives should be borne in mind.
Acquisition
Four main considerations arise from the analysis of acquisition o f skills:
Skills are acquired in stages and individuals progress from a low to a high degree of automacy. Initially, trainees try to understand what the goal is and how to achieve it through discovering procedural rules on how to perform a particular skill. Positive transfer depends largely on the similarity between the skills. Similarity in how or what things are done (functional similarity) is more importmt than physical siinilarity." Thus, the physical likeness of the simulator to the peritoneal cavity is not so relevant so long as the essential difficulties and restrictions of the technique are reproduced, e.g. in learning endoscopic suturing skills in a simulator. Positive transfer between two skills also depends on the degree to which the first skill has been learned. 6 In two very similar skills, a well-learned first skill will lie likely to promote positive transfer to learning of tlic second skill.
Retention
It is of little use if a trainee surgeon can perform a certain skill perfectly immediately following training sessions but when they are then required to put it into practice, a few weeks or months later, they have forgotten il. Research findings in retention studies indicate that retention is promoted under the following circumstances:
fx if a skill is well-established during training.
@ if the break between episodes of skill performance are e if the skill is rehearsed regular1y.j Another factor is the complexity (number of sub-tasks or steps required) and organisation (logical sequencing of subtasks) of the skill.18 Procedural skills can be subject to rapid and extensive loss, while equivalent perceptual-motor skills can be retained many months longer. Continuous tasks also tend to be better retained than discrete tasks. It inay be that more complicated skills require inore effort during training but, as a result, are more meaningful and better retained. Retention may fail because of poor skill acquisition, poor links between relevant information in memory, or a difficulty translating the memory into physical action.
short.
Feedback
Feedback refers to any information, reaching the senses after a movement has been made, which tells the learner about their performance and how it related t o the desired perfomance. Feedback can motivate a learner, serve as a guiding tool for future performances, and strengthen learning.' Intrinsic feedback is information directly perceived by the learner; for example, a surgeon can see and feel whether the object they attempted to grasp is in their hand or whether they have missed it. Extrinsic feedback is information fed back to the learner by some artificial means, e.g. video replays. It includes knowledge of performance and results.
Research shows that feedback is more effe~tive:'.'~ the sooner after performance it is given. the sooner the next attempt occurs.
@ when the amount of feedback is controlled. Thus, initially feedback should focus on the most fundamental eleinents only proceeding to details later.
@ when, in the early stages, it is focused toward correcting major errors rather than minor errors (e.g. duration, direction, or amplitude).
from the trainer in early stages of learning and from the learners themselves in the later stages.
@ when it refers to changeable events on prospective attempts.
part-and whole-task practice and training In designing a training course there is a choice between breaking down complex tasks into individual components or teaching the whole task as one entity. Part-task learning allow-s trainees to focus on improving their performance of the more difficult elements. It reduces information overload and allows feedback to be more precise. It also reduces apprehension when the skill is complex or involves an element of danger.' In general, part-task training is better suited for skills high in complexity and low in organisation, while the reverse is true for whole-task training.6 Part-task training also seems to be more effective for serial tasks than continuous or discrete tasks and for low aptitude o r inexperienced students.'8 However, part-task training can lead to an inappropriate view of the whole task. As a general concept, if the criterion skill is quick to perform ( e g applying a staple) or several movements must be performed simultaneously, whole-task training tends to be more beneficial. One particularly effective method of part-task training with novices appears to be backward chaining. Here the training starts on the last movement in a skill and, cumulatively, combines preceding movements in the skill one by one, until the whole task is performed.
CONCLUSION AND APPLICATION TO SURGICAL TRAINING
This article has provided a brief introduction to some of the fundamental psychological theories underlying human learning and some basic recommendations for improving the efficiency and effectiveness of teaching. Training in surgery has been based on the master-apprentice model for over 200 years -similar to the 'novice-to-expert-model'. However, the demands of an ever more pressurised health service mean appropriate teaching situations within hospitals are not as plentiful as they might have been. Shortened junior doctor hours. a more consultant-led NHS, increasing sub-specialisation, changing patterns of disease, as well as the need to keep up with ever advancing An understanding of the means by which humans learn undoubtedly helps in the development of new teaching strategies. Thus, from this paper we can see that training must combine both cognitive and motor skills. Without basic knowledge trainees can never become skilful and never hope to progress to a situation where they can adapt their skills to the individual situation. However, much of the factual knowledge can be acquired in pre-course reading (although organisers may need a degree of realism and should remember back to their own youth and precourse reading activities!).
In acquiring motor skills the trainer must decide if the technique is a discrete skill (e.g. puncturing the skin), a continuous skill (e.g. suturing) or a serial skill where there are several components making up the whole technique (e.g. diathermy). The use o f skills laboratories can be especially beneficial as it allows these motor skills to be broken down into their component parts. Thus, the trainee can learn the individual components before assembling them into the whole technique. Skill learning incorporates gaining knowledge of both the process (how to do it) and procedure (how to do it in context). If functional similarity is more important than physical similarity for positive transfer, laboratory skills training may be more beneficial in some situations than in vivo training. This may be especially true in the early stages o f learning and when learning more complex skills. If there are fewer details to concentrate on, more mental capacity is available to focus on the most basic and important elements of performing the skill.
The designers of courses should also give consideration to the environment for learning. It can be difficult for the trainer to remember that the trainees are adults who are there because they want to be (and often personally financing the outing). Therefore, the focus should be on the trainee not the trainer, tasks should be in context and not abstract, objectives should be clearly delineated and there must be feedback, delivered in a positive manner, without confrontation. Social activities (of an official nature) during courses serve the very practical function of helping trainers and trainees to see that the other is human and not a 'super' or 'sub' version of the human race.
Running training courses is not a simple exercise in didactic pontification -the 'you do it my way' approach. The trainees can derive huge benefits (as will the patients). As trainers our duty is to optimise the environment and the design. The trainees should grasp the opportunity and ensure that they meet the targets.
Key Points
Learning can be seen as a product, a process, or a function.
Learning is only observable through its productschanges in behaviour. Learning encompasses acquisition (initial learning) and retention (maintenance of knowledge).
Knowledge can be declarative (what), conceptual (relational), or procedural (how).
Abilities are innate capabilities for skilled performance whereas skills can only be developed through learning.
Skills are often classed as cognitive (concerned mainly with mental functions) o r motor (concerned mainly with physical actions).
*Two main approaches to learning in the past include association theories (behaviours) and cognitive theories.
Theories that have emerged within these approaches can be summarised as models that describe key features of learners. Such models include: the tabula rasa, the hypothesis generator, nativism, constructivism, and the novice-to-expert model. The novice-to-expert model is particularly useful when conceptualising trainee surgeons.
Psychological and educational perspectives on adult learning should be addressed when designing training courses. Such perspectives offer experimentally grounded information about skill acquisition, retention, transfer, feedback and particular schedules of training.
Book review We owe a great deal to Professor Bryan Hibbard. He has, over the past 40 years, retrieved some storage collections of obstetric instruments at the University of Liverpool, at the RCOG in Manchester and University College London. This collection is now housed at the RCOG in London. As curator of the College Museum, he has made it possible for any visitor to the College to discover some o f the fascinating history of obstetrics. The evolution of the 'man-midwife' largely depended on the development of instruments. The Obstetrician's Armamentarium is the first definitive review of the subject since Sir Kedarnath Das published his book in 1929. Professor Hibbard has managed to present the different strands of developing obstetrics -British, American and European -in captivating account which is far more than simply a catalogue of different instruments and their obstetric inventors.
The use of primary source material has allowed the book t o be filled with significant insights into practice. We can learn a lot from the past. I found the fact that Smellie used a mannequin on which to practice and teach forceps fascinating. Although, this is now standard practice, we have all been aware of the era where 'seeing one, teaching one, doing one', on real patients, was considered acceptable.
Malpractice has an early mention in the book with Hunter commenting that 'where forceps may save one, they may murder many' and we are told how misuse of a pair of forceps led to one of the earliest malpractice legal suits to be brought in the US.
Professor Hibbard did not extend his review into the 20th Century and this modern era does need to be tackled in the same way as many more lessons can be learnt. There are some pointers towards current practice. Professor Hibbard undertook his own research into the design and measurement of forceps and refers to this in the text. He felt that the design of many forceps, which had been used uncritically in the past 100 years, was one that was not currently appropriate as it was fully intended that the head should be compressed by their use.
The earliest proposals to create forceps which did not compress the head, including those which did not fully lock and the use of divergent forceps, is discussed but in relation to current practice it would be interesting to know what subsequently occurred in the development of such instruments (e.g. Laufe's divergent forceps). There is inevitably a large section on destructive procedures and this provides a morbid reminder o f the 'nightmare' situations facing our predecessors. It remains the case, however, that destructive procedures are still required. It was interesting to come across the account of Kasper Blond and Hans Heidler who developed their decapitation saw at the beginning of the 20th Century. This instrument remains an essential tool for the safe delivery of mothers whose babies have died with an arm prolapse in many situations of difficult practice.
This book should be available in every medical library and, whist it may not be read from cover-to-cover by all who access it, it is of relevance to all who practice obstetrics. 
